WITH the increasing incidence of renal cell carcinoma (RCC) in the United States and the increasing proportion of patients with tumors detected at an early stage (1) (2) (3) (4) (5) , nephron-sparing approaches are becoming more popular. These alternatives to radical nephrectomy include partial nephrectomy, wedge resection, and, more recently, in situ thermal ablation.
Five-year survival rates after partial nephrectomy are equivalent to those after radical nephrectomy (6 -8) , supporting the rationale of in situ tumor destruction to further reduce morbidity and invasiveness. In situ thermal destruction of RCC uses techniques that destroy tumor tissue through heating (eg, radiofrequency [RF] ablation, microwave ablation, laser interstitial therapy, high-intensity focused ultrasound [US]) or freezing (eg, cryotherapy). Each of these techniques relies on controlled energy delivery to minimize collateral damage to normal renal parenchyma and other surrounding structures. In the United States, RF ablation and cryoablation are currently the most widely used techniques for in situ RCC destruction. Thermal ablation of RCC may be performed percutaneously, laparoscopically, or through open surgery.
Our current understanding of the role of percutaneous thermal ablation in the management of primary RCC is limited by a paucity of prospective studies (9, 10) . Given the relative newness of this technology, most series to date report short-term or midterm outcomes, with no reports extending to 5 years of survival outcomes. No randomized trials have been performed to date comparing thermal ablation against a gold standard (ie, partial nephrectomy) or against other thermal ablation techniques. The optimal size range of RCC amenable to thermal ablation has not been clearly defined and is closely related to anatomic factors that influence the ability to deposit sufficient thermal dose to coagulate tissue, including proximity to major vessels and the urinary collecting system, which can act as a heat sink. The kidney has approximately four times the blood flow of the liver, so convective heat loss during thermal ablation is potentially significant (11) . The role of percutaneous thermal ablation compared with laparoscopic or open thermal ablation also remains a topic of controversy. The combination of thermal ablation with other imageguided therapies (eg, transcatheter embolization) and adjuvant therapies such as chemotherapy and antiangiogenic agents for larger RCCs in patients who are poor operative candidates is another potential use of this technique.
Although most recent reports of percutaneous RCC ablation have involved RF ablation, other ablation technologies are now available with percutaneous applicators (eg, cryoablation, microwave, laser interstitial therapy), and reporting standards should be uniform for all forms of energy-based ablation. This document provides recommended reporting standards for physicians performing percutaneous thermal ablation of primary RCC and will serve as a template in the design of clinical trials to further evaluate this technology.
PATIENT SELECTION Clinical Criteria
Potential candidates for thermal ablation fall into two general categories: (i) patients who are poor operative candidates as a result of inadequate renal function and/or comorbid disease and (ii) patients at high risk for the development of additional RCC in the future in whom the least invasive nephron-sparing approach is desirable.
Patients in the first category include those with RCC detected in a solitary functional or anatomic kidney in whom surgical resection would likely result in the need for dialysis. Individuals with marginal renal function, who would also have a high likelihood of requiring dialysis after resection, may also be suitable candidates for thermal ablation. Comorbid disease such as coronary artery disease, cardiomyopathy, or chronic obstructive pulmonary disease may introduce an unacceptably high risk with general anesthesia and make a patient unsuitable for operative resection. In these patients, percutaneous thermal ablation may be an appropriate alternative.
Patients in the second category include those with genetic syndromes associated with RCC, including von Hippel-Lindau syndrome, hereditary papillary cell carcinoma, or hereditary clear-cell carcinoma. These are patients who are screened for RCC at regular intervals, and therefore an incident RCC may be detected at an early stage. They are also more likely to require eventual nephrectomy, so thermal ablation of early-stage RCC may provide a longer interval before nephrectomy becomes necessary. Patients with synchronous RCC-sporadic or associated with a genetic predisposition-also represent a category of patients who may benefit from thermal ablation. In these patients, surgical resection of a dominant RCC followed by thermal ablation of the smaller contralateral RCC followed by close observation may enable a longer period before nephrectomy or partial nephrectomy becomes necessary.
Anatomic Criteria
Multiple anatomic considerations should be taken into account when selecting patients for thermal ablation, including tumor size, proximity to the collecting system, and proximity to adjacent viscera. These are discussed in more detail in the Pretreatment Evaluation section.
Exclusion Criteria
Imaging of the chest (with computed tomography [CT] ) and the skeletal system (with a nuclear medicine bone scan) should be performed in each patient within 3 months before ablation to confirm that disease is limited to the kidney (ie, T1N0M0). Thermal ablation may play a role in patients with limited metastatic disease (eg, a solitary pulmonary nodule) if the metastatic disease is amenable to potentially curative resection or ablation. Patients undergoing thermal ablation should have an adequate functional status, and each patient's functional status at baseline and at each point during follow-up should be documented according to an accepted grading system such as Eastern Cooperative Oncology Group score. Ablation should be limited to patients with a reasonable life expectancy (Ն6 -12 months), in whom the risk/benefit ratio for the procedure is believed to be favorable.
Recommendations
The clinical indication for percutaneous thermal ablation must be clearly specified. Genetic syndromes or chromosomal abnormalities, when present, must be recorded. A history of RCC in the ipsilateral or contralateral kidney must be noted. To enable determination of the effect of RF ablation on long-term renal function, serum creatinine levels and glomerular filtration rate (measured directly or estimated according to the Cockcroft and Gault equation) must be reported at baseline and at each point during follow-up. Subgroups of patients with impaired or marginal renal function should be reported separately. The functional status of each patient should be recorded at baseline and during follow-up with an established scoring system such as Eastern Cooperative Oncology Group score.
PRETREATMENT EVALUATION Patient Evaluation
Pretreatment evaluation of patients for thermal ablation must include assessment of demographics (eg, age, sex, ethnicity). Any known or putative risk factors for RCC should be noted, such as smoking; occupational exposure to cadmium, asbestos, or aniline dyes; hereditary predisposition to RCC; cystic disease of the kidney; and history of dialysis. In addition to comorbid medical renal or renovascular disease, additional comorbidities must be reported, including coronary artery disease, essential hypertension, cerebrovascular disease, diabetes mellitus, chronic obstructive pulmonary disease, and other malignancies. In addition to risk stratification for future treatment algorithms, this enables identification of patients who may be at a lower tolerance for procedural complications. For example, a patient with chronic obstructive pulmonary disease in whom a pneumothorax develops from transpleural transgression of an RF electrode will be more likely to require a chest tube than a patient without underlying lung disease. Patients with cardiac pacemakers require additional planning before RF ablation and may require temporary deactivation of the device during RF ablation. Patients with mechanical cardiac valves will require temporary conversion from warfarin to unfractionated or low-molecular-weight heparin for the thermal ablation procedure, followed by resumption of oral anticoagulation.
Tumor Characteristics
Patients who are candidates for thermal ablation will generally harbor T1N0M0 disease ( Tables 1,2 , available at www.jvir.org) (12) . Currently, tumor size should be recorded as the maximum tumor diameter in a single dimension, in accordance with the Response Evaluation Criteria In Solid Tumors adopted by the National Cancer Institute (13) . When more detailed assessment of tumor size is recorded, including dimensions in three orthogonal axes, tumor volume estimated from the orthogonal diameters, or measurement of tumor volume with use of volume-rendering software, the method of volume estimation should be specified. Although no established threshold of tumor diameter is associated with RF ablation treatment success or failure, our current understanding of renal thermal ablation indicates that an RCC with a greatest unidimensional diameter of 4 cm or less (T1a) has a higher probability of complete ablation than does an RCC larger than 4 cm (14) .
Nevertheless, tumor diameter is only one of several important determinants of technical success of thermal ablation. RCC location is an important factor that determines the safety and efficacy of thermal ablation and should be recorded according to the classification of Gervais et al (14) , in which RCC is classified as exophytic, parenchymal, central, or mixed with central and exophytic components. For patients with multiple RCCs, each lesion must be described individually. Perirenal fat can produce a thermally insulating effect, resulting in more efficient thermal ablation. Therefore, exophytic RCC may be more likely to be completely ablated than parenchymal or central RCC. Tumor proximity to a major renal vessel can result in residual viable tumor after thermal ablation as a result of heat-sink effects. Proximity to the central collecting system (ureteropelvic junction or ureter), bowel, pancreas, adrenal, liver, or gallbladder may be relative contraindications to percutaneous thermal ablation or may require adjunctive techniques to prevent off-target heating of adjacent structures during the ablation procedure.
Recommendations
Patient demographics, occupational exposure, genetic history, and comorbidities must be reported. Comorbid conditions that may place a patient at additional risk for percutaneous thermal ablation must be noted and justified. Tumor characteristics including stage, size, number, and location must be recorded. Adjacent organs at risk for perforation or thermal injury must be noted when present.
TREATMENT DESCRIPTION Biopsy before Ablation
Whenever possible, biopsy should be performed before ablation (15, 16) .
This determination of RCC subtype may become relevant to the option of systemic chemotherapy if the patient experiences metastatic disease in the future. A biopsy also ensures that the tumor ablated was actually RCC and not a benign lesion such as an oncocytoma, metanephric adenoma, papillary adenoma, or angiomyolipoma devoid of fat (17) . A classification of renal cell neoplasms is shown in Table  3 (18) .
Method of Targeting and Monitoring
Thermal ablation of RCC may be performed with CT, US, or magnetic resonance (MR) guidance; the imaging method of targeting must be provided. Some operators prefer to perform initial applicator placement with US and then use CT to perform precise final positioning. When multitined expandable electrode systems are used for RF ablation, final tine position before the application of RF energy should be verified with imaging. The imaging modality used for initial applicator placement will usually be the same modality used for monitoring during ablation and electrode repositioning. If not, a description of additional imaging must be provided. The goal of renal thermal ablation is to achieve a treatment margin that extends just beyond the margin of the tumor. CTguided cryoablation has the ability to monitor ice ball formation during ablation; instances in which ice ball formation dose not extend beyond the margins of the tumor should be recorded because the edge of the ice ball represents sublethal temperatures. Some authors advocate extension of the ice ball 6 -8 mm beyond the margin of the tumor for this reason (19) .
Experience from nephron-sparing surgery of RCC indicates that long-term disease progression is not related to width of the resection margin; patients with narrow resection margins have the same long-term outcomes as patients with wide margins (20) . The exact distance of adequate treatment margins remains to be established; until further data become available, a circumferential treatment margin of 5-10 mm should be used.
Ablation Description
As specified in published standardization guidelines (21), a description must be given of the ablation device (energy source and applicator) and treatment protocol used for thermal ablation. Adherence to the manufacturer's recommended treatment protocol and/or precise details and modification by the operator must be stated. The total procedure time and duration of energy application must be recorded. For RF ablation, this includes the energy source (ie, power and current) and algorithm used (eg, impedance based, pulsed), the number of overlapping ablations, the number of ablation sessions, and the treatment endpoint (ie, time, target temperature, maximum impedance). Details as to whether the electrode used was a single-tip, triple-cluster, or multitined electrode must also be given. When bipolar electrodes become available, a distinction between monopolar and bipolar devices must be made. The number of grounding pads, skin positioning, and skin preparation must be stated.
For cryoablation, probe size, isotherm characteristics, probe positioning, duration of active freezing, duration of active thawing, and number of freeze/thaw cycles must be recorded. The method and frequency of monitoring ice ball formation (CT, US, or MR imaging) must be provided. When thermocouples are used, the number, positioning, and minimum temperature reached must be stated.
Other thermal ablation modalities (eg, microwave, laser interstitial therapy, high-intensity focused US) must have applicator and energy source characteristics and energy delivered as recorded parameters. 
Adjunctive Techniques
Adjunctive techniques may be used in some circumstances to displace atrisk viscera away from the intended ablation zone or to provide cooling of the urinary collecting systems to prevent urothelial thermal injuries. These techniques include so-called hydrodissection (22) , in which a window of sterile water or similar nonionic solution (eg, dextrose in water) is injected through a fine needle inserted between the tumor and the organ deemed at risk. The use of balloons positioned between the kidney and adjacent viscera has also been described (23) . Deliberate pneumothorax is another adjunctive technique described for the treatment of upperpole RCC with thermal ablation, in which a transpleural window is created for applicator insertion. This technique involves percutaneous instillation of air into the pleural space without producing injury to the lung surface (24) . Retrograde or percutaneous antegrade infusion of chilled water during ablation is a potential method to protect the adjacent collecting system from thermal injury during ablation of central tumors (25) .
Anesthesia and Hemodynamic Monitoring
Thermal ablation of RCC may be performed with use of moderate sedation or general anesthesia. All patients will require hemodynamic monitoring in compliance with national hospital accreditation standards and local institutional standards. When moderate sedation is used, airway evaluation before and throughout the procedure is necessary because almost all patients will be in a prone position during the procedure. The method of anesthesia or sedation must be recorded. When endotracheal intubation is performed, this should be stated.
Recommendations
Biopsy should be performed before ablation, and the biopsy results must be reported. The imaging method of targeting (CT, MR imaging, US) must be provided. A description of the ablation electrodes and energy source must be stated, along with the treatment algorithm. When adjunctive percutaneous techniques are used for the protection of adjacent viscera from perforation or thermal injury, sufficient detail must be provided to enable another operator to perform the same maneuver. The type of anesthesia used and hemodynamic monitoring must be provided.
POSTTREATMENT IMAGING
Residual or recurrent disease (ie, local tumor progression) is most common at the margin of the ablation zone. For a detailed description of general imaging findings after thermal ablation, the reader is referred to the recommended reporting guidelines of Goldberg et al (26) . Imaging after thermal ablation to detect viable tumor can include contrast medium-enhanced CT or MR imaging. CT characteristics of residual or recurrent tumor remain to be clearly defined. Farrell et al (27) used an arbitrary criterion of 10 HU of enhancement or less in a series of 35 tumors treated with RF ablation for complete ablation. Low signal of the ablation zone on T2-weighted images and lack of enhancement after gadolinium administration are the general characteristics of completely ablated RCC. Merkle et al (28) prospectively evaluated the conditions of 18 patients with gadolinium-enhanced MR imaging after RF ablation and found that tumors gradually decreased in size but retained a thin rim of T2-hyperintense tissue, which enhanced with gadolinium. Gill et al (29) monitored a cohort of 56 patients with MR imaging after laparoscopic cryoablation and observed a gradual involution in the size of the ablation zone. By 3 years, there was a 75% reduction in cryolesion size, and 38% of cryolesions were undetectable on imaging. Two patients had enhancing areas of nodularity on MR imaging at 6 months, which were biopsy-proven recurrence. Cestari et al (19) monitored 37 patients with MR imaging after laparoscopic cryoablation and also observed a progressive reduction in size.
When MR imaging is used to detect residual or recurrent disease of small tumors (Ͻ3 cm), high spatial resolution is necessary. With current MR imaging technology, most open magnets are unable to achieve the needed resolution to detect early local tumor progression. There is currently no role for conventional US in the detection of residual or recurrent disease, although US contrast agents may play a future role in patient surveillance after thermal ablation. Experience with positron emission tomography has thus far been limited to the characterization of renal masses as benign or malignant and in the detection of residual metastatic disease in patients treated with systemic chemotherapy (30, 31) . However, as the technology of positron emission tomography and CT/positron emission tomography continues to evolve, these modalities may play a greater role in the preablation evaluation and posttreatment surveillance of RCC after thermal ablation.
Frequency of Imaging
The necessary frequency of imaging after thermal ablation is related to the natural history of small RCCs (Ͻ3 cm), which is approximately 6 mm growth per year. For this reason it may be appropriate to perform imaging at 6-month intervals after an early scan (at 1-3 months) documenting that absence of viable enhancing tumor has been obtained. Others will perform imaging more frequently within the first year after ablation (every 3-4 months), with the rationale that the first year is when recurrent disease is most likely. The timing of the first scan varies among institutions from as early as 1 week to as late as 1 month. Although the optimal frequency of follow-up imaging remains to be defined from a cost-effectiveness standpoint, for the purposes of study design, all patients within a study must undergo imaging follow-up with the same frequency.
Follow-up of Clinical Status
Evaluation of each patient's clinical status should be performed with at least the same frequency as follow-up imaging. These assessments should record the patient's general medical condition, renal function, and any late complications possibly related to thermal ablation, including stricture of urinary collecting system, lumbar radiculopathy, and skin paresthesias.
Functional Status
The potential benefit of thermal ablation in the treatment of patients with RCC needs to be defined in the context of an individual patient's functional status. Each patient's functional status should be recorded during every follow-up encounter according to the same grading system used in the pretreatment evaluation.
Duration of Follow-up
To become established as a curative technique for small RCC, percutaneous thermal ablation needs to achieve disease-free survival rates that are equal to those of surgical resection. Therefore, similarly to any resection approach to a solid organ malignancy, a follow-up period of at least 5 years is necessary after ablation.
Recommendations for Imaging and Clinical Follow-up
Imaging after thermal ablation must be performed at a regular frequency with CT or MR imaging. Clinical factors may influence the choice of imaging (eg, pacemaker precluding MR imaging or contrast agent allergy or renal insufficiency precluding CT); otherwise, within a clinical trial, the use of imaging modality should be uniform among longitudinal imaging sessions. Standardized definitions of residual disease must be used according to recent recommendations (26) . The clinical status and functional status of patients after thermal ablation should be evaluated during each follow-up encounter. The results of imaging and clinical follow-up must be reported. The duration of follow-up should be sufficient to detect progression of disease.
ANALYSIS OF OUTCOMES
The natural history of small RCC (Ͻ3 cm) involves slow growth, making survival difficult to use as a distinguishing outcome, because in all but long-term follow-up studies, survival rates will be high. Therefore, the primary outcome of percutaneous thermal ablation should be disease-free survival. Most clinical studies reporting survival data use Kaplan-Meier estimates or life tables. Many investigators refer to these techniques interchangeably; however, they have important differences. Failure and censoring events in life-table analysis are clustered into fixed intervals of time, typically 3-month or 6-month windows. In small trials (Ͻ200 patients), this clustering can produce inaccuracy in survival estimates, because a patient who survives 3 months plus 1 day has the same statistical effect as a patient who survives 5 months plus 29 days. By contrast, the Kaplan-Meier technique calculates survival from the actual time of the failure or censoring event. For this reason, all studies reporting survival data except for very large trials should use the Kaplan-Meier technique. Intergroup comparisons of survival estimates should be performed with an appropriate nonparametric technique, such as the log-rank test.
Intent-to-Treat Analysis
Patients in studies of thermal ablation of RCC should be considered to have undergone ablation if this was the intended treatment after randomization. For example, if a patient experiences a subcapsular hematoma during insertion of an RF electrode, resulting in abandonment of the procedure, the patient should still be included as a patient in the RF ablation arm during subsequent outcome analyses.
Comparison with Other Nephronsparing Therapies
To become established as a curative technique for small RCC, thermal ablation needs to (i) achieve equivalent safety and efficacy to nephron-sparing surgery and (ii) be cost effective. Whenever possible, randomized trials should include economic evaluation of Blinding of patients and observers to the form of nephron-sparing therapy (eg, RF ablation vs cryoablation) may not be feasible. However, follow-up imaging can be evaluated in a core laboratory with observers blinded to therapy.
Complications
All complications of the ablation procedure should be reported, including those that do not appear related to the procedure. Recognized and/or potential complications of renal thermal ablation are given in Table 4 . Late complications that develop outside of this window, such as tract seeding or lumbar radiculopathy, must also be reported. The classification system used by the Society of Interventional Radiology for grading complications must be used (Table 5 ) (32) .
Quality of Life
A validated instrument for the measurement of quality of life should be used at baseline and during each follow-up encounter, such as the Short Form-36, European Organisation for the Research and Treatment of Cancer QLQ-C30 instrument, or Functional Assessment of Cancer Therapy-General questionnaire. These instruments have the advantage of having been extensively validated in oncology patient populations, and they have been used in quality-of-life evaluation after nephron-sparing surgery for RCC (33) (34) (35) .
Costs and Cost Effectiveness
When reporting costs of renal ablation, authors should report direct costs associated with the procedure (eg, thermal applicators, CT interventional suite time, length of hospitalization) and indirect costs (eg, need for increased imaging follow-up to detect residual or recurrent disease). These costs are then combined for a study patient cohort as a cumulative numerator for measurement of cost effectiveness. The denominator of cost effectiveness is the number of qualityadjusted life years derived for the study population, which yields the cost-effectiveness ratio of dollars per quality-adjusted life years. This should also include sensitivity analysis and discounting. These cost-effectiveness data will become critical in comparing percutaneous thermal ablation with other ablative and nephron-sparing therapies.
Recommendations
Disease-free and overall survival should be determined with the Kaplan-Meier technique. An intent-totreat basis should be used for the evaluation of patient outcomes after randomization. Comparison with other 
CONCLUSION
Percutaneous ablation has the potential to become an established minimally invasive therapy for small RCC. To reach this potential, percutaneous thermal ablation must be supported by compelling randomized, prospective trials comparing it with other nephron-sparing approaches for RCC. The goal of this document is to provide recommended definitions to enable uniform reporting of these trials ( Table 6 ).
